ABSTRACT The effect of 5 mg nebulised salbutamol on the cardiorespiratory responses to a progressive maximal exercise test was investigated in eight asthmatic (mean forced expiratory volume in one second (FEVY) 3 48 (1 -0) litres) and eight non-asthmatic men. Exercise tests were performed on a bicycle ergometer after administration of nebulised salbutamol or matched saline placebo. In the asthmatic subjects salbutamol increased the resting FEV1 by 1 1%. The mean (SD) percentage fall in FEV1 after exercise did not change significantly (salbutamol 9-4 (12.8); placebo 15 0 ( 8 0)), but because the FEV1 before exercise was increased the lowest FEV1 after exercise was also significantly higher after salbutamol than placebo (3-60 (1.13) v 2 85 (0 80) litres). Despite the improvement in FEV1 before exercise there was no significant difference in maximal workload, oxygen uptake, heart rate, or ventilation during exercise after salbutamol compared with placebo in the asthmatic patients. Tidal volume was higher at maximal exercise after salbutamol but there was no change in perception of breathlessness or exertion in the asthmatic subjects. During submaximal progressive exercise the perceived rate ofexertion was reduced in the asthmatic patients and oxygen pulse was reduced in both groups owing to a small and non-significant increase in heart rate. The FEV, and cardiorespiratory response to the progressive maximal exercise test in the non-asthmatic subjects were otherwise unchanged after salbutamol. The results suggest that 5 mg nebulised salbutamol has little effect on the cardiorespiratory responses to progressive maximal exercise in patients with mild asthma and in non-asthmatic subjects. Salbutamol in this dose may reduce the severity of exercise induced asthma, but no ergogenic effect on maximal exercise performance was shown.
Introduction
Asthmatic patients are encouraged to participate in a wide range of sporting activities. Many have achieved national and international honours,'2 while others have obtained physical, social, and psychological benefit.3 The objective of the clinician is to achieve symptomatically and functionally well controlled asthma with minimal drug side effects. The diverse ambitions and aspirations of individual patients, however, must also be considered-for example, athletes with asthma who wish to compete nationally and internationally require treatment that is effective and allowed by the governing bodies of their sport.
The protective role of the selective (2 agonist salbutamol in preventing exercise induced asthma in athletes is well documented. 4 The effect of 2 agonists on other measures of cardiorespiratory performance in exercising asthmatic patients, including ergogenic effects, is less clear. Available evidence suggests that conventional therapeutic doses ofsalbutamol (200 pg) from a metered dose inhaler do not change maximal exercise capacity in non-asthmatic athletes' or the degree of breathlessness experienced by healthy subjects during progressive exercise. 6 It has therefore been suggested, though not confirmed, that salbutamol in this dose will merely prevent or relieve the symptoms of exercise induced asthma in asthmatic athletes. The International Olympic Committee allows athletes with asthma to compete while being treated with "aerosol" salbutamol,' which has been interpreted as treatment from a metered dose inhaler (Cowan, personal communication). The permissible dose has not, however, been defined. Asthmatic athletes may require several inhalations of salbutamol from a metered dose inhaler before a competition and may then be vulnerable to accusations of drug abuse. This is defined as the use of a substance "which could
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Effect ofnebulised salbutamol on maximal exercise performance in men with mild asthma have the effect of improving artificially the athletes physical and/or mental condition and so augmenting his athletic performance" (International Amateur Athletic Federation, rule 144).
To provide more information on this subject we looked at the effect of a higher dose of nebulised salbutamol (5 (5) (6) 34.3 (3) (4) (5) (6) (7) (8) 35-2 (7.5) 35.4 (7.4) Sao2(%) FEV, at rest before treatment in the non-asthmatic subjects was similar before placebo (4-78 (0 69) litres, 107 1 (9) % pred) and salbutamol (4-78 (0 67) litres, 107-0 (8) % pred) and did not differ significantly after Effect ofnebulised salbutamol on maximal exercise performance in men with mild asthma salbutamol or placebo at rest or after exercise. All the non-asthmatic subjects had a histamine PC20 greater than 8 mg/ml.
PROGRESSIVE EXERCISE
There were no significant changes in cardiorespiratory measurements at rest after salbutamol or placebo in either group except that at the start ofexercise systolic blood pressure was higher after salbutamol (salbutamol 124 (9), placebo 114 (9) mm Hg; p < 0-001) and diastolic blood pressure lower (salbutamol 67 (6), placebo 77 (9) mm Hg; p < 0 05) for the asthmatic patients.
The physiological responses to progressive exercise after salbutamol and placebo were compared from 50 W to 190 W in the asthmatic group and from 50 W to 170 W in the non-asthmatic group. These comparisons were chosen because all subjects completed these workloads in both tests. There were no significant differences in the cardiorespiratory responses of heart rate, VE, VT, bf, and Vo2 between treatments for the asthmatic (figure) or non-asthmatic subjects and no differences in the ventilatory equivalent for oxygen, Vco2, and R, in either group. Salbutamol, however, lowered the oxygen pulse when compared with placebo in both the asthmatic (F = 7-99, p < 0 05) (figure) and non-asthmatic groups (F = 8-56, p < 3. 0-05). There were no effects due to order of treatment.
Salbutamol did not change the perception ofbreathlessness significantly in either group. The perceived rate of exertion during progressive exercise was, however, reduced with salbutamol in the asthmatic subjects (F = 8-72, p < 0-05) but not in the nonasthmatic subjects. Blood pressure and oxygen saturation did not change significantly in either group.
MAXIMUM EXERCISE
Neither group showed a significant difference in test performance (defined by the maximum workload achieved and the duration of the test) after salbutamol compared with placebo (table 1). Salbutamol caused no significant change in Vo2max, VEmax, maximum heart rate, arterial oxygen saturation (%), or blood pressure at maximum exercise; no subject showed oxygen desaturation of more than 4% during any test. VT in the asthmatic patients increased after salbutamol compared with placebo (F = 11 -43, p < 0 02) and was unchanged in the non-asthmatic group. There were no effects due to order of treatment.
Salbutamol given before exercise did not affect the perception of breathlessness at the end of exercise in the asthmatic (placebo (1 9), salbutamol 5 of exercise was also similar for both treatments in the asthmatic (placebo 5-5 (2.4), salbutamol 6-1 (2.5)) and non-asthmatic (placebo 6-5 (2.9), salbutamol 6-9 (2 6)) groups.
Discussion
Our results suggest that 5 mg nebulised salbutamol has little effect on maximum exercise capacity and produces only small changes in the cardiorespiratory response to progressive exercise in both asthmatic and non-asthmatic subjects. Although 2 agonists are usually classified as bronchodilators, their clinical value also depends on their prophylactic role, especially in exercise induced asthma." In this group of asthmatic subjects 5 mg nebulised salbutamol (despite its resting bronchodilator action) did not reduce the postexercise percentage fall in FEV, significantly. This was perhaps surprising as inhaled salbutamol has been shown to be the most effective agent for reducing exercise induced asthma.'2 3 The ability of salbutamol to protect against such asthma, however, varies between asthmatic patients,'3 14 perhaps because of differences in bronchial reactivity. The bronchodilator properties of salbutamol are not related to its efficacy in blocking exercise induced asthma'2 14 and higher doses of adrenergic agents may be required to prevent such asthma than to maintain bronchodilatation." The bronchodilator effect of salbutamol resulted in bronchodilatation in the asthmatic patients in this study so that the resulting exercise induced deterioration was proportionately less severe." Salbutamol was useful therefore in preserving absolute FEV, ifnot in preventing exercise induced asthma in these subjects.
Although 5 mg nebulised salbutamol increased the FEV, at rest and after exercise in the asthmatic group, the maximum exercise performance and the physiological response to maximum exercise was unchanged apart from a small increase in tidal volume. This finding is consistent with Ingemann-Hansen et ars study of five asthmatic patients.'5 In a recent study of work performance Clark and Cochrane recorded a lower Vo2max and a lower oxygen pulse at maximum exercise in asthmatic subjects after 5 mg nebulised salbutamol compared with untreated controls.'6 The lack of change in Vo2max and oxygen pulse at maximum exercise with salbutamol in our study supports their hypothesis that the differences between the asthmatic and non-asthmatic groups in their study are unlikely to have been due to differences in treatment and more likely to reflect differences in "fitness." The lack of change in maximum exercise performance in the non-asthmatic subjects after 5 mg nebulised salbutamol is consistent with the findings of a similar study of 200 ig salbutamol in non-asthmatic athletes. 5 Freeman, Packe, Cayton
In untrained subjects without disease Vo2max is usually limited by the capacity for oxygen transport and oxygen utilisation."7 In patients with severely impaired lung function, however, maximum ventilation may limit Vo2max; such a limitation is seen with an FEV, below 60% predicted in asthmatic children. '8 Nebulised salbutamol has been shown to improve exercise tolerance in patients with chronic airflow obstruction.' 2' In our study the mean FEV, was above 80% predicted, which may explain the lack of change in maximum exercise performance with salbutamol despite an improvement in lung function. Physical training improves the factors that normally limit Vo2max, so that in highly trained subjects maximum ventilation may become the rate limiting step.'7 Our results may have been different if we had studied patients with more severe airflow obstruction or highly trained asthmatic athletes. Salbutamol did not change the cardiorespiratory response to progressive exercise, apart from a small but significant reduction in oxygen pulse in both groups, which was attributed to a small but nonsignificant increase in heart rate. A significant increase in heart rate during exercise after salbutamol in a previous study was blocked by a specific f2 adrenoceptor antagonist, suggesting that the higher heart rate was mediated by the f2 adrenoceptor or secondary to peripheral vasodilatation. 22 Oxygen saturation was not affected adversely by salbutamol during progressive or maximum exercise. This finding is reassuring as ventilation-blood flow balance is known to be influenced by 2 agonists. 23 Small changes in blood pressure were seen after 5 mg nebulised salbutamol at rest24 but the blood pressure response during progressive and maximum exercise did not change significantly.
Perceptions of breathlessness and exertion were unchanged at maximum exercise for both groups. This finding was not unexpected because each patient was asked to produce a maximum effort. Neither the asthmatic nor the non-asthmatic subjects, however, showed any change in perception of breathlessness during progressive exercise, supporting previous findings in non-asthmatic subjects6 but contrasting with other studies in asthmatic subjects, in which breathlessness scores were reduced after salbutamol during exercise.25 It is interesting that the perceived rate of exertion was reduced in the asthmatic group during progressive exercise after salbutamol; the reasons for this are unclear, but may be related to preliminary findings which suggest that salbutamol has effects on metabolism during exercise.26
In conclusion, 5 mg nebulised salbutamol does not influence the maximum exercise performance in patients with mild asthma or in non-asthmatic subjects. It may be expected to minimise or prevent exercise induced asthma only in active but not highly
